INTRODUCTION
The U.S. military, a large consumer of simulation training and technology, identifies the necessity for learnercentric educational environments, adaptive and flexible training systems, as well as distributed learning capabilities (TRADOC PAM 525-8-2, 2011) . Currently, the military trains tactical decision making and spatial knowledge and orientation tasks with sand tables, through Sand Table EXercises (STEX), and military operations on urban terrain (MOUT) boards.
However, fostering a learner-centric environment with adaptive capabilities is difficult to accomplish using analog systems such as these. Attempts are underway to update and streamline the analog tools currently used in order to meet Army Operating Concepts (TRADOC PAM 525-3-1 -AOC; 2014), specifically highlighting enhanced technological capabilities, multimedia approaches, and integrated human interaction and collaboration. One such solution is an Augmented REality Sand table (ARES), which is designed to down-project graphical imagery onto the 3-dimensional sand (Amburn, Vey, Boyce, & Mize, 2015) . Developed by the U.S. Army Research Laboratory (ARL), this augmented sand table is proposed to enhance training of spatial knowledge and acquisition of spatial reasoning skills (e.g. tactical decision making) over traditional maps (either paper maps or digitized 2D displays; Schmidt-Daly, Riley, Hale, Yacht, & Hart, 2016) .
ARES provides multi-sensory channels for multimodality learning experiences to take place (O'Shea, Mitchell, Johnston, & Dede, 2009) , as well as visual depth cues for enhanced visualization of environmental features presented by topographical terrain (Wickens, Thomas, & Young, 2000) . ARES has the capability to enhance learning through engagement by providing learners the opportunity to interact through tactile channels and interactive overlays. Further, ARES provides a foundational test-bed for research on learner-centric education and training environments. It provides an avenue to extract requirements for training systems that will meet the needs of a sophisticated military, reliant on innovative solutions.
In order to fully understand the ramifications of leveraging an augmented sand table for training, the authors investigated the impact of individual differences on trainee performance of representative operational tasks completed using a paper map, Google Earth©, and ARES. Individual differences (e.g., spatial abilities) may be leveraged to increase capabilities of an augmented system to fully exploit the benefits of adaptive training solutions tailored to the trainee. This paper summarizes research on ARES performance differences between individuals who reported playing video games on a game-play continuum (i.e. from plays Daily to Never). Performance metrics were collected on three tasks relating to spatial knowledge acquisition. A post hoc analysis was conducted to analyze differences within participants based on their video game-play responses. For the full effectiveness evaluation report, please refer to Schmidt-Daly and colleagues (2016).
Spatial Knowledge and Video Game Play
Investigation of effects of video game play on cognition (Latham, Patston, & Tippett, 2013; Spence & Feng, 2010) , spatial visualization and skills (Achtman, Green, & Bavelier, 2008; Sutton, Buset, & Keller, 2014; Uttal et al., 2013) , and learning (De Castell, Larios, Jenson, & Smith, 2015) have grown in recent years, building off pioneering research on action video games and action video game players by Green and Bavelier, (2003; and Dye, Green, and Bavelier, (2009) . Due to the significant differences between video game players and non-video game players in the areas outlined above, considering performance differences between these groups may guide and influence design recommendations and requirements for training systems used by military leaders for tactical training and decision making.
Study Hypotheses
Building off these foundational articles, the researchers chose to investigate whether participants who reported playing videos games would see improved performance on spatial knowledge tasks over those who reported not playing or rarely playing video games. We hypothesized that: 1). Video game players would outperform non-video game players on spatial knowledge tasks (landmark identification, distance estimation, and situational judgment tests).
2). Due to spatial skill advantages, video game players would be better equipped to cope with spatial task demands and would provide lower workload scores on the National Aeronautics and Space Administration Task Load Index (NASA-TLX) than those who reported rarely playing or never playing video games, indicating a marked global workload difference between the two.
METHOD Participants
Reserve Officers' Training Corps (ROTC) cadets from a large, southeastern U.S. university were recruited for participation as well as military reserve personnel from the central Florida area. Informed consent was received from all participants and provisions set forth by the governing institutional review board were upheld. Those who were not active military were compensated for their time. Data was collected on 50 participants aged 18 to 41 years (M = 22.49, SD = 4.35).
Apparatus and Tasks
Participants first completed a demographic questionnaire, the Positive and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988) , and a spatial orientation aptitude assessment battery (Carpenter, Johnston, & Kokini, 2010; Johnston, Carpenter, & Hale, 2011) . Participants were exposed to all tool-types (paper map, Google Earth©, and ARES) and were randomly placed in a counterbalanced condition (order of exposure to tool-type) to avoid practice and/or order effects. Before completing any task on a particular tool-type, participants completed a task self-efficacy questionnaire pertaining to their upcoming tasks. Participants then completed a series of spatial knowledge tasks (landmark identification, distance estimation, and situational judgement tasks) on each of the study tool-types. Before moving on to the next tool-type, participants completed the NASA-TLX (Hart & Staveland, 1988) to assess perceived workload and effort across study tool-types, as well as a utility perceptions assessment (Davis, 1989) . Please refer to Table 1 for an outline of experimental procedures. Tool-types. All maps presented on each of the tooltypes were verified by Subject Matter Experts (SMEs) and considered equivalent in terms of terrain and landmark features present. The paper map consisted of a topographical map printed on standard printer paper. The free desktop version of Google Earth© was used to display terrain and elevation lines were toggled on to remain consistent with the topographical map. The ARES had a 2-dimensional (2D) topographical map projected down on the 3-dimensional (3D) sand.
Landmark Identification. Landmark identification, an eight item multiple choice task, was administered to assess participants' ability in reading topographical map-based landmark features (adopted from Jones, 1999) . Landmarks consisted of the following: cliff, draw, hilltop, ridge, saddle, spur, and valley. Landmark features were indicated by standard topographical map iconography and elevation lines. Google Earth© had the advantage of displaying 3-dimensional height data for the selected map area and ARES had the advantage of displaying 3-dimensional sand that corresponded to elevation lines presented by the down-projection of the map. 
. Google Earth© with an exocentric 3 rd -person view of a valley landmark (taken to illustrate 3D representation of terrain features). Figure 4. ARES with sand height plotted to elevation on down-projected map (taken at an extreme exocentric 3 rd -person view to illustrate sand height).
Distance Estimation. Distance estimation consisted of participants estimating driving distance (straight-line distance taking terrain into account) for three route segments on the map (Darken & Banker, 1998; Darken & Peterson, 2014) . Each map included a scale for reference and participants provided their answers, in meters.
Situational Judgement Test (SJT).
Two situational judgement vignettes were presented to participants whereby a scripted scenario outlined a goal and then multiple paths to successfully complete that goal. Given scenario goals and constraints, participant responses were designed to assess survey knowledge (abstraction and integration of knowledge from preceding tasks; Darken & Peterson, 2014; McDaniel & Whetzel, 2007) based on which route they labeled best, second best, or worst.
Experimental Design
The experiment was conducted as a within-subjects experimental design with a single factor consisting of three (3) levels -paper map, 2-D display of 3-D map (Google Earth©), and down projection of 2-D map on a 3-D surface (ARES). Participant performance was assessed on Landmark Identification, Distance Estimation, and Situational Judgement Test. Perceptions of utility were collected along with measures of workload (i.e., NASA-TLX).
Post hoc analysis on participant demographic information was executed in order to categorize level of video game play in participants which included the following groupings: Daily, Weekly, Once a month, Once in 6 months, Once a year, Less than once a year or Never. Only one participant reported playing video games Once a year so that data point was combined with responses for Less than once a year or Never. The newly combined category was labeled Once a year or Never. The type of video game was never specified, however, so genre-specific analyses could not be performed (e.g. action vs. puzzle, etc.).
Additionally, participants were asked how well they thought they played video games (Excellent, Good, Fair, or Poor) . This item was used as a covariate in data analysis.
Measures
Performance measures analyzed 1 include: (i) cumulative score of the landmark identification task from 0 to 8, (ii) average delta distance estimates calculated from actual distance values, (iii) summed rank score for route effectiveness value on each SJT. Additional measures analyzed include Utility Perceptions (UP) score (subjective assessment of utility of the tool on a scale of 1 through 7) and weighted workload produced by the NASA-TLX, both of which were obtained after all tasks were completed on a given tool-type.
ANALYSIS AND RESULTS
Performance measures were analyzed by a 5 (Video game play Category) x 3 (Tool-type) mixed factorial ANalysis Of VAriance (ANOVA) with repeated measures on the last factor.
Distance Estimation
After a Greenhouse-Geisser correction was applied, due to a violation of sphericity, analysis revealed a trend toward a main effect for tool-type, F(1.51, 48.44) = 3.34, p = 0.057, η p 2 = 0.094. However, there was a significant interaction between tool-type and video game play, F(6.06, 
Utility Perceptions
A main effect was seen for tool-type, F(2, 70) = 5.285, p = 0.007, η p 2 = 0.131 and an interaction between tooltype and how well participants thought they played video games, F(2, 70) = 4.26, p = 0.018, η p 2 = 0.109. Upon further analysis, a LSD pairwise comparison revealed that ARES tool-type (M = 23.98, SD = 0.84) was seen as more useful than both paper (M = 18.97, SD = 1.21) and Google Earth© (M = 19.49, SD = 1.09), per the utility perception scores. It was found that those who reported playing video games less often and poorly found the paper map more useful than those who reported playing video games daily and well. Participants who had moderate game play and reported themselves as good or excellent game players found ARES to have the most utility of all three tool-types. Additionally, on average, those who played video games more often found utility in the computer-based tools (Google Earth© and ARES) over and above those who do not play video games.
DISCUSSION
While these findings are preliminary, with unequal groupings, and analyzed post hoc in an exploratory sense, they are quite promising in regard to adding scientific evidence toward the effect of video game play and spatial knowledge. Initial evidence implies that ARES can be an effective tool to research individual differences in terms of spatial knowledge as it relates to adaptive training technology. With improved terrain visualization, ARES was shown to have a significant impact above other tool-types and their extant capabilities. As seen in performance scores during the effectiveness evaluation by Schmidt-Daly and colleagues (2016), ARES was a superior tool, allowing participants to perform significantly better across a multitude of spatial knowledge tasks.
Insights may be gleaned from this study about the impact individual differences may have on training and should be taken into consideration to boost learning and to attain a more effectively adaptive system. For instance, Boles, Bursk, Phillips, and Perdelwitz (2007) posit that spatial processes (e.g. tactical decision making and planning) demand high levels of mental workload and, most often, require multitasking (e.g. verbal, spatial, and haptic processes; Stanney et al., 2004) . Individualized evaluation of trainees who require more robust training systems which leverage multi-modality information channels can produce enhanced learning, especially for tasks that require spatial processing.
This knowledge can and should be leveraged with leading research on individual differences in order to produce a highly adaptive, individualized learning and training experience for significant impacts to throughput, budget, and schedule. Individualized evaluation of trainees may be used to determine pre-task/pre-training knowledge as well as cognitive capabilities as they pertain to task-related competencies.
Much of the supporting research has shown there to be a significant difference between video game players and non-video game players in processes leveraged by tactical training and decision making.
Although only two performance measures revealed significant findings, the results are indicative of a game play effects. Whether individuals are drawn to video games due to their enhanced visuospatial abilities and hand-eye coordination or the act of playing video games produces an altered effect on these psychophysiological and psychophysical attributes is beyond the scope of this paper, but poses interesting avenues for future research. Additionally, expansion of this work will provide avenues for transfer of training evaluation, specifically looking at the impact of individual differences on the transfer of training to operational environments for taskspecific performance. These findings and future work will provide updated guidelines on building adaptive and intelligent training systems for a wide array of domains and individual users.
